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Searches for single W production are performed with data recorded with the ALEPH
detector at centre-of-mass energies up to 183 GeV. The production cross section of single
W production is measured to be 
W
= 0:40 0:17(stat:) 0:04(syst:) pb. Limits on the









at 95% C.L.. A search for practically invisible decays of the W boson is performed and a
limit on the branching ratio is determined.
(ALEPH contribution to 1998 summer conferences)
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1 Introduction
Over the past several years, the Standard Model has been tested in high accuracy at
LEP1 and SLC. The coupling of vector boson and fermion has been measured to be in
good agreement with the Standard Model prediction. Test of the trilinear gauge boson




gauge theory, is an important goal
of LEP2 [1]. Non-Abelian self-couplings of the W, Z and photon can be measured at LEP2
via W pair production, although one cannot distinguish between WWZ and WW. Single
W production oers a clean access to the couplings of the WW vertex [2]. In this note, we






























= 0. CDF and D0
have measured the structure of the WW vertex from W production with subsequent
W ! l(l = e; ) decay [4, 5, 6, 7]. L3 [8] and OPAL [9] reported on the study of
single W production at LEP2 at 161 and 172 GeV. DELPHI [10] collaboration analysed
WW and eW production jointly. ALEPH collaboration has measured the couplings at




! () at LEP2 [11]. This note presents a search for single
W production and extraction of WW couplings.
In the supersymmetric extension of the standard model charginos, the supersymmetric
partners of the charged gauge and Higgs bosons, are predicted. In the standard search
for the pair production of charginos, the nal state can become practically invisible, when
the mass dierence between the sneutrino, the supersymmetric partner of the neutrino,
and the chargino is less than about 3 GeV/c
2
. It was pointed out in [12] that this blind
spot might partially be covered by the search for the mixed supersymmetric/standard
model nal state of W pair production, where one W boson decays to chargino and
neutralino, the chargino decaying to a sneutrino and a lepton (with an energy too small
to be detected), and the other one to standard model particles. This paper presents a
search for this scenario, where the event is tagged by the standard model decay of the
second W boson.
For the following study, data recorded with the ALEPH detector at centre-of-mass
energies of 161, 172 and 183 GeV with integrated luminosity of 11.1, 10.8 and 57 pb
 1
respectively are used.
2 Single W Boson Cross Section
Single W production is a four fermion process. The dominant diagrams for the e nal
state are shown in Fig. 1. The rst diagram is sensitive to the WW vertex. The equiv-
alent diagrams, where the photon is replaced by the Z boson, are negligible at LEP2 [2].
To suppress the contribution from W pair production (which is sensitive to both WW
and WWZ vertices), it is required that the out-going electron is un-tagged, i.e., at small
polar angles.
Two distinct nal states are identied, corresponding to the leptonic and the hadronic
decay of the W boson. For the leptonic decay, the signal is a high energy isolated lepton.











































invariant mass of about M
W











> 20 GeV and j cos 
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are the energy and polar
angle of leptons from the W decay, respectively. M
qq
0
is the invariant mass of the quark
pair. The cut angle at 34 mrad corresponds to the lower edge of the acceptance of ALEPH.
The GRC4F program [13] has been used as the Monte Carlo generator for the sig-
nal. The eective QED coupling constant 
QED
= 1=130:2 has been used, following the
suggestion in Ref.[14]. For initial state radiation, the photon structure function approach
has been utilised. Background processes are generated with PYTHIA [15], KORALZ [16],
KORALW [17] and PHOT02 [18].
2.1 Leptonic Selection
For the leptonic decays of the W boson, a single track is expected for the electron, muon or
single prong tau decay. A higher multiplicity is expected for other tau decays. Therefore




The polar angle of the missing momentum direction is to be greater than 25.8

. To





around the beam pipe.
The remaining backgrounds, mainly untagged two-photon events and two-fermion
events, are eliminated with the requirement that the transverse missing momentum be
greater than 6%
p
s. This threshold is increased to 10%
p
s if the missing momentum
2
direction points to within 10

in azimuth of the LCAL crack or the inner TPC sector




The selection criteria described up to this point constitute the leptonic kernel. This
kernel will be reused later. In addition to the leptonic kernel, events are rejected if an
electron is identied and its energy is less than 20 GeV.
A candidate event of W decay into muon and muon neutrino is shown in Fig. 2. The
selection eciencies for the three W boson decay modes are 85% for electron, 85% for









. In the data, 11 events are observed in agreement with the expectation from
the standard model (signal plus background) of 11.2 events.
2.2 Hadronic Selection
To select the hadronic decay of the W boson, at least seven good tracks are required. The
polar angle of the missing momentum must be greater than 25.8

. Tagged two-photon
events and two-fermion events with initial state radiation with transverse momentum,
are rejected by demanding that the energy in a cone of 12

around the beam axis be less
than 2.5%
p
s. Untagged two-photon events are rejected by requiring that the visible mass
exceeds 60 GeV=c
2




Events for which the energy in a wedge of 30

centred on the transverse missing
momentum direction is greater than 10%
p
s are rejected. The hemisphere acollinearity is
required to be less than 165

.
The semileptonic nal state of W pair production is eciently rejected by requiring
that no identied lepton, where lepton in this case denotes an electron or a muon, with
an energy of more than 5%
p
s be reconstructed.
The selection criteria described up to this point constitute the hadronic kernel. As for
the leptonic kernel, the hadronic kernel will be reused later.
To reject semileptonic decays of W pairs where the lepton is a tau the following
procedure is used: The event is rejected if a tau jet is reconstructed with a charged
energy of more than 2.5%
p
s and if the invariant mass of the hadronic system, excluding
the tau jet, is greater than 60 GeV=c
2
or if the angle between the two quark jets is greater
than 150

at 161 GeV, 130

at 172 GeV, 100

at 183 GeV.
The eciency for the hadronic W channel is typically about 42%. In the data, 21
events are observed, in agreement with the standard model expectation of 21.5 events. A
candidate event is shown in Fig. 3.
2.3 Results
To derive the results, the avour composition and the energy dependence of the standard
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Figure 2: A candidate for single W production decaying into a muon (and its neutrino)
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Figure 3: A candidate for single W production decaying to hadrons at 183 GeV. The











(stat:) 0:04(syst:) pb: (3)
The total single W cross section at 183 GeV, dened as the sum of the leptonic and
hadronic cross section, is determined:

W
= 0:40 0:17(stat:) 0:04(syst:) pb: (4)
The measurement agrees well with the standard model expectation of 0.41 pb calculated
with GRC4F.
The measured cross section is translated into an upper limit on the production cross
section, taking into account the allowed physical region of cross section values. This







< 1:5 at 95% C.L.;
 1:6 < 

< 1:6 at 95% C.L.:
(5)
3 Single Visible W Bosons
The nal state topologies for the mixed standard model/supersymmetric decay mode
of W pair production are dened by the mass dierence between the chargino and the
sneutrino (M). A mass dierence of M = 3 GeV=c
2
is referred to as non-degenerate
case hereafter and the case of M  0 GeV=c
2
is referred to as degenerate case hereafter.
Three selections are used, single leptons (for the degenerate case), acoplanar leptons (for
the non-degenerate case) and a hadronic selection (for both cases).
3.1 Single Lepton Selection
In the single lepton analysis, the leptonic kernel is used. The lepton must be identied
either as an electron or a muon. The energy of the leading lepton is required to be greater
than 32 GeV and less than 52 GeV at 161 GeV. The window is enlarged at 172 GeV from
26 GeV to 60 GeV. Finally, at 183 GeV, the energy must be greater than 24 GeV and
less than 70 GeV.
Typically an eciency of about 71% is obtained. The background is dominated by
single W and Zee processes. The background is lowest at 161 GeV with 36 fb and increases
to 96 fb at 183 GeV.
In the data 2 events are selected, where 7.3 are expected from background processes.
3.2 Acoplanar Lepton Selection
Two or four good tracks are required and the triplet mass, interpreted as a tau decay,
must be less than 1.5 GeV=c
2
. The acoplanarity angle of the two leptons must be less
than 170

. The acollinearity angle of the two leptons is required to be greater than 10

.


















































The solid line indicates the measured cross section. The limit at 95% C.L. is the dashed
line. The square shows the standard model expectation.
7
To reject the tagged two-photon background, the E
12
energy is required to be zero.
Untagged two-photon events are rejected by requiring the transverse missing momentum
to be greater than 10%
p
s.
As in the single lepton analysis, the leading lepton is required to be identied as an
electron or a muon. Its energy must fall in the ranges as for the single lepton case.
As the second lepton is expected to be soft, the energy of the lepton, i.e., the track
energy plus the neutral objects in a cone of 10

added to it, is required to be less than
5 GeV.
The eciency at the lowest centre-of-mass energy is 65%, decreasing to 54% due to the
increased boost of the chargino. As the background is dominated by W pair production,
the background increases from 161 GeV to 183 GeV as the W pair cross section increases.
For the sum of the three centre-of-mass energies, a total background of 2.9 events is
expected. In the data no events are selected.
3.3 Hadronic Selection
The hadronic selection starts with the hadronic kernel. Additionally the tau jet veto
is applied with a threshold of (2:5 + 0:2M)%
p
s. The missing mass is required to be
greater than 70 GeV=c
2
and less than 100 GeV=c
2
.
In the data, one event is selected at 161 GeV, three events at 172 GeV and ten events
at 183 GeV, where 0.8, 2.2 and 13.4 events respectively are expected for the loosest cuts,
i.e., M = 3 GeV=c
2
. For the tightest cuts, corresponding to the mass degenerate case,
no events of the sample are rejected, while the background expectation is reduced to 0.8,
2.0 and 11.9 events.
3.4 Results
In the absence of a signal a limit on the excluded cross section at 95% C.L. is determined,














! ~`) = 100%.
As an example, for  =  200 GeV=c
2
and tan  = 2, the limit on the branching ratio
as a function of the gaugino mass parameter M
2






excluded at 95% C.L. under the assumptions mentioned above.
The search for the practically invisible decay of the W boson is driven by the super-
symmetric scenario. The limit in the degenerate case is fairly model-independent. This
case is also identical to the denition of the invisible branching ratio in [19], where the

























Figure 5: The branching ratio B(W ! 

) as a function of M
2
for  =  200 GeV=c
2
and tan = 2. The dashed line is the chargino mass limit from LEP1. The dotted line is
the limit on the branching ratio in the non-degenerate case.
4 Conclusions
Single W production has been searched for in the data recorded with the ALEPH de-
tector at centre-of-mass energies up to 183 GeV. The single W cross section is mea-
sured to be 
W
= 0:40  0:17(stat:)  0:04(syst:) pb, in agreement with the standard









= 1) are deduced. The mixed
supersymmetric/standard model nal state of W pair production is searched for. In the
absence of a signal, limits are set on the branching ratio of the W boson.
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